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Single Molecule Enzyme Catalysis: Steps towards Accurate Kinetic
Schemes
Tatyana Terentyeva1, Johan Hofkens1, Chun-Biu Li2, Kerstin Blank3.
1Katholieke Universiteit Leuven, Leuven, Belgium, 2Hokkaido University,
Sapporo, Japan, 3Radboud University Nijmegen, Nijmegen, Netherlands.
Single molecule fluorescence spectroscopy provides the unique possibility to
study enzymatic reactions with single turnover resolution. using fluorogenic
enzyme substrates, the time sequence of enzymatic turnovers can be followed
and fluctuations in the turnover rate can be detected. To investigate the possi-
bility of constructing kinetic schemes, we have studied the pH-dependent
activity of the enzyme alpha-chymotrypsin.
An accurate construction of kinetic schemes is so far limited, however, by the
design of most fluorogenic substrates that carry two enzyme-cleavable bonds
per fluorophore. using a typical double-substituted Rhodamine 110-based
substrate, the reaction proceeds in two steps involving a mono-substituted in-
termediate that possesses only 30% of the quantum yield of Rhodamine 110.
Despite its low brightness, we are able to specifically detect the intermediate
based on its different fluorescence lifetime. At high substrate concentrations
the only product formed is the intermediate and a simplified but accurate kinetic
scheme can be obtained. Our results show pH-dependent activity of alpha-
chymotrypsin but clearly do NOT support
stretched exponential kinetics, frequently
interpreted as dynamic disorder. We hy-
pothesize that ‘‘stretched exponentials’’
might be data analysis artefacts occurring
for low signal-to-noise data.1904-Plat
Direct Measurement of Initiation, Elongation, Splicing and Termination
Kinetics in Living Human Cells
Antoine Coulon1, Matthew L. Ferguson2, Murali Palangat2,
Valeria de Turris3, Robert H. Singer4, Carson C. Chow1, Daniel R. Larson2.
1Laboratory of Biological Modeling, NIDDK, NIH, Bethesda, MD, USA,
2Laboratory of Receptor Biology and Gene Expression, NCI, NIH, Bethesda,
MD, USA, 3Institute of Molecular Biology and Pathology, University of
Rome, Rome, Italy, 4Albert Einstein College of Medicine, Bronx, NY, USA.
Eukaryotic transcription involves the coordination of many multi-subunit com-
plexes, including the pre-initiation complex, the polymerase, the spliceosome
and elongation and termination factors. Most knowledge in the field is inferred
from ensemble and/or in vitro assays, giving a detailed but static picture. How
these macromolecular machines coordinate in vivo remains unknown. Re-
cently, we were able to observe transcription in live yeast cells by monitoring
fluorescently-tagged nascent transcripts [Larson et al. 2011, Science, 322:475].
Here, we extend this method to a dual-color system in human cells, allowing
one for the first time to resolve the kinetics of initiation, elongation, splicing
and termination at the same gene in a living human cell. using the orthogonal
RNA-binding MS2 and PP7 bacteriophage coat proteins, we fluorescently la-
beled the largest intron and the 3’UTR of a stably integrated reporter gene.
Fluorescence fluctuations recorded simultaneously in both channels at the tran-
scription site reflect the initiation of pre-mRNA synthesis, the elongation kinet-
ics of the polymerase, and the kinetics of intron and transcript release. We
developed an approach based on cross-correlation to reveal the relative timing
of these events for single transcripts. To that end, we derived a mathematical
model that predicts the correlation functions depending on the timing of the
underlying processes, allowing us to test hypotheses about polymerase progres-
sion and pausing at the single-molecule level in vivo. We observe an elongation
speed of 1.5 kb/min, which is measured independently of initiation and
termination. No pausing was detected in the body of the gene, but termination
took an average of ~200 sec, during which co-transcriptional splicing was
observed for a fraction of transcripts. These results raise the possibility that
co-transcriptional RNA processing may result in a kinetic checkpoint at termi-
nation rather than pauses during elongation.
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Total Internal Reflection Fluorescence Microscopy Imaging-Guided
Confocal Single-Molecule Fluorescence Spectroscopy
Desheng Zheng, Leonora Kaldaras, H. Peter Lu.
Bowling Green State University, Bowling Green, OH, USA.
We have demonstrated a new integrated single-molecule spectroscopy ap-
proach by using total internal reflection fluorescence microscopy imaging to
guide confocal single molecule fluorescence spectroscopic measurements.
With the localization by two-dimensional Gaussian fit and coordinates transfor-
mation, any single-molecule fluorescence spot of interest in the imaging field
of TIRFM imaging mode is accurately registrated and shifted to the excitationfocus of confocal mode for single-molecule fluorescence spectroscopic mea-
surements, through a computer-controlled close loop piezoelectric x-y scanning
stage. Our integrated system have a number of significant advantages including
the low requirement for laser power of the femtosecond pulse laser, avoiding of
photon bleaching by wide field excitation, high signal collection efficiency for
the confocal single-molecule fluorescence spectroscopic measurements. We
have demonstrated the capability of both multiple molecules sampling simulta-
neously and in-situ fluorescence time-resolved analyses for pin-point individual
molecules. It is applicable to conduct the measurements of the spatially and
temporally stochastic single-molecule on interfaces. We have applied this tech-
nical approach to study single-molecule enzymatic reaction product releasing
dynamics.
Platform: Membrane Dynamics & Bilayer
Probes
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Physiological Calcium Concentrations Induce PI(4,5)P2 Clustering:
PI(4,5)P2 as a Lipidic Calcium Sensor
Maria Joa˜o Sarmento1, Ana Coutinho2, Aleksander Fedorov1,
Manuel Prieto1, Fa´bio Fernandes1.
1IST, Lisbon, Portugal, 2FCUL, Lisbon, Portugal.
Phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2) is a minor component of the
plasma membrane of eukaryotic cells that is essential for several cellular
mechanisms, including organization and remodeling of the actin cytoskeleton,
membrane trafficking, endocytosis and exocytosis. The regulation of these
processes is thought to involve localized enrichment of PI(4,5)P2 in the plasma
membrane at particular timings. Particularly in calcium-triggered SNARE-
dependent exocytosis, PI(4,5)P2 is known to interact and co-segregate with cer-
tain synaptic proteins. However, the mechanisms responsible for PI(4,5)P2
clustering in particular sites of the plasma membrane are still not completely
understood.
Using membrane model systems and fluorescently labeled PI(4,5)P2, we were
able to demonstrate that PI(4,5)P2 lateral distribution is sensitive to physiologic
calcium concentrations, in the low micromolar range. Calcium concentrations
of 0-100 mM were used to mimic neuron intracellular calcium concentrations
before and after a stimulus. Fluorescence self-quenching and energy migration
data obtained from steady-state and time-resolved fluorescence methods clearly
showed that Ca2þ ions promoted the clustering of PI(4,5)P2 molecules in both
liquid disordered and liquid ordered membranes. Sensitivity of PI(4,5)P2 clus-
tering to [Ca2þ] is shown to be highly dependent on both PI(4,5)P2 density and
membrane lipid phase.
In this way, the lateral distribution of PI(4,5)P2 presents significant sensitivity
to changes in calcium concentration of only a few micromolar, allowing
this lipid to function as a lipidic calcium sensor. In the particular case of
SNARE-dependent exocytosis, it is expected that localized increases in calcium
concentration will dramatically change the pattern of PI(4,5)P2 interaction with
synaptic proteins, possibly enhancing fusion rates and promoting exocytosis.




Targeting Cellular Organelles by Amphipathic Helices: Taking Advantage
of Membrane Biophysics
Stefano Vanni, Romain Gautier, Maud de Saint-Jean, Christine Doucet,
Bruno Antonny.
CNRS, Valbonne, France.
Eukaryotic cells are characterized by a rich variety of membranes, that differ by
both morphology and lipid composition. These membranes form the boundaries
of the different cellular organelles, that can be selectively targeted by certain
peripheral proteins to trigger specific signaling and trafficking pathways.
Using atomistic molecular dynamics simulations and new analysis tools we
have recently been able to understand at the molecular level how a family of
membrane curvature sensors, the Amphipathic Lipid Packing Sensor (ALPS)
motifs, can specifically bind to lipid bilayers that are abundant in lipid packing
defects, such as those induced by membrane curvature.
Since organelle membranes are identified by their characteristic lipid composi-
tion and geometrical shape, we resort to a coarse grained approach based on the
MARTINI force field to quantify in a systematical way the effect of these two
parameters on the statistical distribution of lipid packing defects in model
membranes. This allows us to identify how the peculiar amino acid composi-
tion of different amphipathic helices modulates their preferential interaction
with specific membranes by taking advantage of their unique physicochemical
features.
Tuesday, February 5, 2013 373aThis microscopic understanding paves the way for the rational design of protein
mutants able to selectively target subcellular compartments thanks to altered
membrane binding properties.
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In Situ Synthesis of FluorescentMembrane Lipids (Ceramides) using Click
Chemistry
L. Ruth Montes1, Maria Garrido2, Jose Luis Abad2, Antonio Delgado2,3,
Felix M. Goni1, Alicia Alonso1.
1Unidad de Biofisica (CSIC-UPV/EHU), Leioa, Spain, 2Research Unit on
Bioactive Molecules (RUBAM), Institut de Quimica Avanc¸ada de Catalunya
(IQAC-CSIC), Barcelona, Spain, 3Facultad de Farmacia, Unidad de Quimica
Farmaceutica , Universidad de Barcelona, Barcelona, Spain.
Ceramide analogues containing azide groups either in the polar head or in the
hydrocarbon chains are nonfluorescent. When incorporated into phospholipid
bilayers, they can react in situ with a non-fluorescent 1,8-naphthalimide using
click chemistry giving rise to fluorescent ceramide derivatives emitting at
z440 nm. When incorporated into giant unilamellar vesicles, two-photon
excitation at 760 nm allows visualization of the ceramide-containing bilayers.
We have also proven that this technique is also suitable for its use in cell systems.
When incubated with HEK 293 cell lines we have seen internalization and
redistribution of our molecules within the cell. We have also seen what seems
to be accumulation of ceramides in a speckle pattern. This kind of method
may be of general applicability in the study of model and cell membranes.
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Orientation of Proteorhodopsin in Artificial Membranes is affected by
Lipid Bilayer Composition
Ramya Tunuguntla1, Mangesh Bangar2, Kyunghoon Kim3, Pieter Stroeve1,
Caroline Ajo-Franklin2, Aleksandr Noy4.
1UC Davis, Fremont, CA, USA, 2Lawrence Berkeley National Lab, Berkeley,
CA, USA, 3UC Berkeley, Berkeley, CA, USA, 4Lawrence Livermore
National Laboratory, Livermore, CA, USA.
In artificial membrane systems we want to study the structure and function of
proteins as they would behave in their natural environment, so they can be used
in applications that require an ex vivo approach. For instance, proteins are in-
creasingly used in FET biosensors, thin-film protein arrays, or bio-fuel cells.
These applications require a controlled protein orientation after immobilization
onto varying surfaces. When two orientations are present in a system, the aver-
age functionality may not always be sufficient to acquire a signal. However, an
anisotropic orientation can lead to homogeneity in transport direction and
therefore increase signal response. Our objective was to determine whether
the surface charge on a liposome plays a key role in determining transmem-
brane protein orientation and functionality during formation of proteolipo-
somes. To study this, we reconstitute a model ion pump, proteorhodopsin, in
liposomes of opposite charges and varying charge densities and observe the
resultant protein orientation. We used four different assays to study the elec-
trostatic protein-surface interactions and light-driven ion transport in proteoli-
posomes. The surface treatments and proteolysis of proteoliposomes showed
physical evidence of preferential orientation, while functional assays provided
evidence of vectorial ion transport. We show that the manipulation of lipid
composition can control orientation of protein in liposomes. This technique
opens up a simple route for controlling protein orientation in many applications
ranging from solution vesicle assays to complex bioelectronic devices and
sensors that use membrane proteins.
1910-Plat
Molecular pH Probes at a Protein-Lipid Interface: Assessment of Local
Dielectric Environment for Transmembrane Peptide
Matthew Donohue, Maxim A. Voynov, Alex I. Smirnov,
Tatyana I. Smirnova.
North Carolina State University, Raleigh, NC, USA.
Spin-labeling EPR spectroscopy has found many applications in studying struc-
ture and dynamics of proteins and biological membranes. Recently, there has
been substantial interest in utilizing EPR to characterize local effects of polarity
and hydrogen bonding in these systems. Here we report on employing an pH-
sensitive EPR probe IMSTL (S-(1-oxyl-2,2,3,5,5-pentamethylimidazolidin-4-
ylmethyl) ester) to profile heterogeneous dielectric environments along the
a-helix of a WALP peptide integrated in a lipid bilayer. A series of symmetri-
cally positioned double cysteine mutants were labeled with a pH-sensitive
nitroxide and the protonation state of IMTSL was directly observed by EPR.
Q-band DEER experiments with double-labeled WALPs were employed to de-
rive nitroxide-nitroxide distances of nitroxides before and after the protonation
and, therefore, the positions of pH probes with respect to lipid bialyer. Thus, for
the first time measurements of local electrostatics at peptide-bilayer interface
were based on direct distance measurements rather than on assumptions onthe probe location. For double-labeled WALP consecutive protonation of sym-
metrically positioned nitroxide tags was observed. The difference in observable
pKa values was interpreted in terms of electrostatic interaction energy between
titratable probes allowing us to estimate effective dielectric constant. Supported
by NSF-0843632 to TIS.
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A New Assay for Ion Channel Function using Stopped Flow Spectrofluo-
rometry
Radda Rusinova, Dorothy Kim, Crina Nimigean, Olaf S. Andersen.
Weill Medical College of Cornell University, New York, NY, USA.
Functional studies of purified ion channels reconstituted in a defined membrane
environment usually are conducted using single-channel electrophysiology.
Ensemble-averaged methods are used infrequently, compared to single-
channel electrophysiology because of the technical challenges involved in giant
unilamellar liposome preparation and patchingthough these methods yield
important information that may be difficult to obtain from single-channel stud-
ies, e.g. (Chakrapani et al., 2007). To overcome some of the limitations encoun-
tered, we developed a sequential-push fluorescence-based stopped-flow assay
to characterize channel function, using KcsA as the prototype. The method is
based on earlier studies (Moore and Raftery 1980; Wu et al., 1981; Ingo´lfsson
and Andersen), where channel activity was determined using the KcsA-
permeable ANTS quencher, thallium (Tlþ). We evaluate KcsA function from
the rate of ANTS quenching in sequential-push stopped-flow measurements
on the millisecond timescale. Detergent was removed using BioBeads, which
minimizes ANTS consumption. To illustrate the method, we determined the
KcsA activation by extravesicular Hþ for WT KcsA and the non-inactivating
E71A mutant channels. Our results demonstrate efficient and reproducible re-
constitution. Fitting the activation curve using the Hill equation yields a pH for
half-activation (pH0.5) similar to that obtained from single-channel electro-
physiology for the E71A mutant (Thompson et al., 2008) and higher than
that reported for WT KcsA (Chakrapani et al.). The Hill coefficients, n, were
lower than those obtained with single-channel recording for E71A mutant
but higher for WT KcsA. Our results suggest that both pH0.5 and n vary with
changes in lipid bilayer thickness and bulk properties such as elasticity. The
ease of vesicle preparation, cost effectiveness, reproducibility and time resolu-
tion makes this a powerful assay to explore KcsA activation and inactivation,
and how they vary with changes in the channels’ lipid bilayer environment.
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Study of Nanoscopic Phase Separation in Membranes using Inverse FCS
Yanfei Jiang1, Guy Genin2, Elliot L. Elson1.
1Washington Univ Sch Med, St Louis, MO, USA, 2Washington University
School of Engineering, St Louis, MO, USA.
Fluorescence correlation spectroscopy (FCS) has been used to study the diffusion
of lipid andproteinmolecules in both synthetic andnaturalmembranes.Recently,
a newversion of FCS, inverse FCS, has been developed (Wennmalmet al., 2009).
For inverse FCS fluorescent probes are present at very high concentration as op-
posed to low concentration for conventional FCS. The particle of interest in the
inverse FCS experiment is non-fluorescent. Fluorescence fluctuations due to the
exclusion of fluorescent probes from the excitation spot by the non-fluorescent
particles are detected and correlated. In the study of membrane nanodomains
by conventional FCS, both domains and probe diffusion contribute to the corre-
lation fluctuation. However, for inverse FCS, the diffusion of fluorescent probes
contributes little to the fluctuation due to the high concentration of fluorescent
probes. Therefore, inverse FCS provides an opportunity to study the properties
of dark nanodomains that exclude the fluorescent probe when the fraction of
nanodomains in the membrane is small. Here, we demonstrate by simulation
that in these situations inverse FCS can give information about membrane nano-
scopic phase separation that is inaccessible to conventional FCS. We also used
inverse FCS to experimentally study early phase separation in DLPC/DSPC
model membranes. Two different domain evolution pathways have been ob-
served. In one of these two pathways, nanoscopic domains appear at first and
then gradually grow to micron size. In the other pathway, the domains reach mi-
cron size quickly and their number gradually increases.
Inverse-Fluorescence Correlation Spectroscopy, Stefan Wennmalm, Per Thy-
berg, Lei Xu, and Jerker Widengren. Anal. Chem. 2009, 81, 9209-9215
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A Revised Model of Nonyl Acridine Orange Binding to Anionic
Phospholipids
Piercen M. Oliver, John A. Crooks, Earl J. Yoon, Douglas B. Weibel.
UW-Madison, Madison, WI, USA.
This presentation describes mechanistic studies of the interaction of nonyl ac-
ridine orange (NAO) with anionic phospholipids (PLs). NAO has become
a widely used reagent for quantifying, labeling, and visualizing the unique
